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METHODS FOR INHIBmNG GRAFT VERSUS HOST DISEASE IN BONE 

MARROW TRANSPLANTATION 
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Allogeneic bone manow transplantation (BNfT) is an effective treatment for many 
hematological malignancies and severe aplastic anemia (see e.g., Thomas, EJ). (1983) J. 
Clin. Oncol. 1:5 17-531; O'Reilly. RJ. et al. (1983) Blood 62:942-964; and Storb, T. et al. 
Semin. HematoL 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially &tal condition referred to as graft versus host 
jj^ ^ y (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a geneial 
immunosuppressant, such as cydosporine A or mediotrexaie (see e.g., Kapoor, N. et al. 
(1989) Bone Marrow Trartspiait. 4:153). Use of such agents, however, is assnc i a t ed wirfi 
deleterious side effects, including kidney damage and an increased susceptibility to 
infections. Another approach taken to minimiTC or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove ailorcactive T cells (see e.g.. Mania, 
PJ. et al. (1987) Adv. ImmunoL 4fl:379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the siKcess of bone marrow engrafenent. 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 
malignancies reduces the and-leukemic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor ceils (see e.g., Goldman, J.M. et al. (1988) Ann. Intern. Med 
M:806-814; Mannont A.M. et al. (1991) 3/00^21:2120-2130). Thus, while the presence 
of allorcacdve T cells within a bone marrow graft has the detrimental effect of inducing 
GVHD. the presence of at least some T cells within the graft is beneficial both for aiccessfiil 
engtaftment and for anti-leukemic responses. A therapy djat effectively inhibits the 
itsponses of ailorcactive T cells within donor bone marrow while permitting the continiied 
presence and fimction of other T cells within the graft would therefore be of great advantage 
in the ad dr**«"g the problem of GVHD while pramodng the efficacy of bone matrow 
engraiuiienti 

TTie inducdon of a T cdl response has been shown to require two signals: a first 
signal provided by stimuladon through the anrigenrspecific T ceU receptor (TCR) on the 
sur&ce of the T cell and a second signal (termed a cosrimulaiory signal) provided by ligation 
of one or more odierTceUsurfece receptors. Engagement ofthe TCR alone (ix., signal 1) in 
the absence of a cosrimulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 
anergy.intheTceU. A costimnlatnry signal can be generated in a T ceU by stimulatioa of 
the T ceU through a ceU sur&ce receptor CD28 (Harding. F. A. (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells ( APCs). CD28 Uganda 
include members of the B7 ftmily of proteins, such as B7.1(CD80) and 87-2 (CD86) 
(Freedman, A.S. et aL (1987) J. Immunol, m-3260.3267; Freeman. GJ. et aL (1989) J. 



Immunol. 141:2714-2722 

GJ. et aJ 099-?^ c '^"»nan. Gj. etaJ. n99n / c 

993) ^c;ence 2^2:909-91 1- ^ ^^'^ 124-625.^^ , r 

shown to h.n^ ^•'^'^^^iZS-il 85-219?! ^ ^.-76-79. p 

«own to bwd another surf*.. ^^ortaily B7 f, •, ' 



*«»i««ic •o™..: 

unrespons; 
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^^•^u. j,^. J^' D.;. 

'"^'■'^ T ecu ^'i^^ '-^^J'l /. .53. • 

•""^limniunofl™-^ ^'°«~«>«ffllm=^^ «««ive TOthod, 
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invention features imn 



^«.g., CD28 and/or 



**™V'e. an aniibodv A- ^ '"h'Wtor of a . °'^°'-2)ona 

irt^^ * or the neceiwrt, — - . ™ or the e««i-.-.„ 




»^ « an antigen specific T 
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„ inoarticular for use in inhibiting graft versus host dis«^ 
cell. In particu^. or us _ ^^^^ ^ ^ .^^^ ^ ^ 3„,„ble 

"^^'Tr^ rd o "at the donor bone narrow in ^0, to thereby inhibit donor 

form of CU A4 ^ ^ ^„ « administration of the bone 

T cell responses to cells <^V'^^ ^ of a 



I «u - ■ ^ ^th the mnimxor * 

nanow to the recipient. For exampic, r»^„;«,t ceils and then administered 

„ .h. «ipi« wi*ou. fiu*« ..V. l^i^ or o*« 
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figure 2 IS a graphic J^,^ . ^^^^ anU-B?-! 
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h«v«« HLA disparate individuals treated with eiUier anu-o / - 
lymphocyte reacuon betweoi fflJ^ dispam^ 

monoclonal antibody, anti-B7-2 monoclonal «n^y, boti^ ^ ^ ^^^^ 

monoclonal antibodies, CTLA4Ig, comrol immunoglobulin (CIg) or 
peripheral blood lymphocytes. oroliferaiion in response to 

blood Ivmphocytes bone marrow proWeranon now 

sKomtoy MtR agsinst <he ongual donor ««» " "T. „ ^mHC cta« n 
p.rib»rf to *. of atone, *<^^ „ .^jjM ««ih.dy. 

ffgure J arc graphic tepresemanoM 5 6 days in the presence 

of anti-B7.l Mibciy (.). ">»i-BM •»»'»*' W 
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Figure 7 depicts the frequency of alloreactive piecunor heloer T lv«nh 
m .MHC ..sn^hed donor bone n«r«w oeated J^^^ l"^'"^ ^'^^ 
cells (host) or third partv cells and rn ^.t„ . ,^ ^ """^eneic stunulaior 



CTLA4Ig 
frequency of alloreactive 



10 



in MHC mismatched donor bone mam,w Stated ^^^Ln ^ ^^^^ 0>HLT) 
and CUA.. control ^^o^Z::^^^^^^'^' """^^^ ^"^ 

and .37-1 antibody («B7-1), anti.B7. an^bodyt^eTrrBT;""^ 
anubodies (a-B7.I * a-B7.2). CTLA4Ig. or CIg. 
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TTiis invention featuies methods for inhibiting amigen soecific T 
viiro by use of at least one agent which inhibit, , . '^"^ 

he^in. the phrase "^bitin^or i^l^^^^o^T^^^^^^ T '''''''' ^ 
substantial elimination of at east one tZu^Z to a eduction in or 

lyn^holcine seczetion or induction ^I^^ecTf^'l' " " """^"^ 
activity or amibody production by B <^kTr "^"^ ^''^^'^'^ ^ 

pbtase-inhiBitingL^olf^T:^^^^ 

the response of a T cell to an antigen as JT!!^ ^ °^ 
antigen also referred . of unresponsive in the T cell to the 

renLd uLt^.:,^: ArceHwhichhasbeen 
elin,™. 7^^'^^'' °' ^° Wfic amigen exhibits substantially reduced or 

elmunated responses (e.g., proliferation and/or IvmohokiB^^nA °' 
theantieen Inona««»wwi- ^ ^^^"^ P™^tion^ 

alloZti!^ i^ H ."L ' ' '^P'"- of a donor T cell to 

-noanugens .s mhtbued to reduce or substantially eliminate gmft versus host disease in a 
bone marrow transplam recipicm. 

To inhibit a T ceU rtsponse to an amigen accordina to the methnrf, A. • 
T cell is contacted with at leas % ^ «f the mvenoon, a 

-.•«KJ», . r costimulatory signal in the T cell An 

•nJubitor of a costimulatory signal" or an -a»«t wh«* i^wJ " ™ ' ^ 
sianaJ-i«*rf^ • u u. . "8*" ^'"'^fflbibits generation of a costimulatorv 

CI>2«aild/orCTLA4rn,-l„«<_., «« mace rectpior such as 

ol>«o<taKiiocyte). LigMds such as B7.| and B7.3 atmOiax. or 

1 ana B7.2 whdi mjger a c somilalijiy jijnal ia a T 
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"costimulatory molecules . ^"^""^^ 
. . , rm« rTLA4'k are co lectively referred to neicin *» w« 



pres e n t in g 
loekiog 
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15 



also referred to herein as a "costimma»ry - ' specificity), a 

^'^'^''''^''T^TZ^^^^ryrnolcc^^- A preferred costhnulaiory 
bmds to either the receptor or the '^^^^ rCTLA4Ig), a soluble fonn of the 

CTLA4 receptor on T cells wtucn otn ^^^^^^^ ^ 

costimulatory inhibitor is a '[Z^ZLccM^Ay to inhibit generation of 

transduction pathway. «e described in further detail in the 

■niese and other embodiments of the mveation are descndea 

following subsections: 
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25 



A. AxtibmSes „ «_« used to iatoWt an anng™ si*"''' ''' 

,n »» »b.^ "'""TTa^ for in *. m«hods 

,r i„v»d.. « » *. «<^-^^^^ „ ta«»««h) or can b. 

R«*,Ule. MD, or coBmoc^Uy, c*. Son. B«B „ ^ ten 

^--j for makmg aanlXKUCS. inciw*" 



b, «bni,u» f« 
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^dbydisnlMcbon^ U^j^^^ 
„tf,B..b»fingft.pneno 

fi,^ consoiins of <te VI. va <X .notn^^ ^ ^ ^ 

^ VH »d CHI don-ins: (UO « Fv »^"r^/,„„, „^ J41:544-M*l 
i^annof««ibo<»y.(i.)a<lAb6.Wn«_0V»d«^^^^ 

^ch oon«« of . VH don»in; (V) » »ol««lcon,ln««««y 
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d«ulfide bndge a, ±c tog. region. A^bodies «, b. fi,g^^ usi^ ^ 

o b. nad. « a smgl. pTMon ch«n (know, a, singl. chain F. («Fv); Biri « al (1 988, 

»«hod. Such s,„gi. Chain ,ndbodi„ ^ abo «»™p«s.d ^UUn U» «n -andbody- 

inv^JlT" " '"^ • » ^ i" 1" m«l.od of L 

«v«™on (eg a coaomuteoo. mol^nj., an adh^ion mol«ul., a g,„«h ft«o, 
«c.). an animal s OTBiunizei wiih an mrnnriM. i_ — '"""r wpior. 

u»d h«iri. „ J "PPropnatt unmunogo. The «nn -immunogra ■ is 

«^te«n « dacnb. a comp,««on wic^ly .onainin, 

15 •"^■^■■fcepnMdnorp.pdd.ca.b.us.dalo^.orlinWu.a^^ J^^^^^ ' 
^*~og« p., ™, doa. d.p.nd, on. «non, oU» ddnga. d» ap«« 

; ""npanis pa doa. An immuniancn prqiataiion can also (nclud. 
» adjuyan. a. p.„ of *. dil«„t Adj««na s«4 as con,p..» Fronvi's adj,™„, (CF^ 

32 f ""i— ('FA„„d ^un, a:. ....Hais «« known in L ,„.^t 
5 "aial>l. (Mmnwcially Son aronl jomcH. "".anoare 

Kd«rsolubl.ormanb™,.bo™dpro«inorpq«d.fi.gn,B,Ba«s.i»b|.fi„^a, 
-~ga. A puHfl«, fo™ f pn^i^ «h as n»y b. iaotaed <h,n„ nan,,! souTo, 

oceumng fb™ of protein for in«,u,i.adon. s,n,h«ic pqKide. can 

«ploy«l,.y,rtswhid,a«tfbodi.,canb.™is«if.r«s.indd,i.va«ion. 

^ «. also b. =oval«,dy or noncovatady „,odia«i «id, «»^™«..c«J^,^ 

-^»l.p.dsorc.,bohyd«.s».nb-.c.™,„no,a>ici,yors.hbili,y. Al«n.dv.l,.a 
P«nfi«l pro.™ cnn coupled wid, or incorpo,,^, in„ a ™^ 

«^'rTT^'"""^'°"^^''««=*'''- '■»1»Possible»in„nuni« 
««»n^«,d,whol.cdUwbich.,p,«ap,,«ta 

olt^'I t ^ ' " «^ «^ -r«ul« 

Itr^r r^""™"™"""'- is pos^bl. BUS. 

«»cl«e aad (eg.. DNa, encoding *e prordn or pepdd. of intt,« „ an ta»n^ f„ „. 
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Wis also intended to include nucleic 

• -1= cr^ tvnicallv immunized against a protein, pqjuuc " 
about I M 10 1 m, of P»«» ""^J w_ ..tods 3« boos«d «i* 1/5 " 
,/,0 *c original amom« of i»n»ogan ^ '^"^^ , ^ a,. 

rs:f::::.r::::^"ra«--.'«-'-"''"'»""^ 



15 the immune response 



Such ™„nn»lian.prod«»l T^'^^ ^59^^,, Unaunosp^nficife 

■^ydooal beansetnepop „Hhodv mol«ite ait then coUecied ftom 

..d affi.«ti« fbr the ,«hni,.«. such as pnxein A 

(..g, fiom the blood) and .solated by ,f ^ .^body. the 

.ntibodies n-y be purifled by — ."■^t::;:^^^^ ' 
i™,„no,.. -n- antibody i. contacted «»* ^ „^ ,0 fom a 

of tin,, sufficion for the in»nu.og«. '"jr^^J^^ ftom *• "-P'" 
solid phase-affixai immunocontplcc The bound -.bod..s « sepan. 

25 bys.and»d,«:hniques. ^j^,. „ .-„™cknal annbody composition", as used 

The tenn "monoclonal annbody ot """^ .„„,,^~ci.,,f«t 

^ ^„ „ . popui^ion »f »^'t™trrt^^>y ^ » 

.^bi»Jin,ste. A»«»»«'^™'^"TtZ^ Monoclonal anoWies 
^^U..V^^ :!^;r^ of antibod, n-lecules 

3, .-.b.p^-^'«^'^^:^:^:nid.othe^^ 

b, continuous ceU lino « cutauie. These J5«:4»5^9T. see also 

„ oHgin-ly doeribed ;'^^'^^3'::^n4.i««' C»«. »4,m3-. 
Bn«metaL(l«l)J. ^ " „ \ , w. J Ower a^^^ 

Yeh al. (.97a, PSAS 16:2927-3 1 ; and Yd, « 4:72V 

„ ^.ecenthunt^BoeahybH^--^ 

EBV-hvbridonia techmque (Cole et ai. u^s^;. 

Alan Liss, Inc., pp. 77-96). and tri "» ^^^^J^ ^^^^ ^^^od, ^ch 

Thus, a monoclonal antibody can be produced by the foUo>«ng 

comprises the steps of: 
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(a) Immunizing an aninal with a protein (or peptide thereof) Th«,m« • 

manmalUft^ maintained for. a^pertoj^T'"''*^'''™ Tta 

^tyannbodymolecuJes. AiUibody production is detected by ^in/Z^ 
the mammal with a preparation of the immunogen protein. ^T^' 
knovm to those of siciU in the art. e « aJZTJT^ 

flow cytometry. ««yme-l.dced innnunosorbent assay (EUSA) and/or 

10 



(b) A suspension of antibody-producine cells 



pnxlucmg ccJIs may be derived 

* ^ 



aninvds. Spleen ceUa an, -rflj . l«*l*e>>l Nood of 

usmg methods well known in w 

«fc 8«a.lly m the presence of a fWng ag« md, „ poly«h,l«„e «lvcol fPErT 7 T 
M ■-^»f"'y«'<.n«ceiIlin«n»,heua«.aaafaio.pZr^SrlSi ^ 
-^»i,u«; forexan-p,, *e M.NS,„.a^, P3.,«3.^5n^^A7:^.,o«u 



25 



sclec.ve'Terrrht^^^^ 

cells cvenlually^c oLT L 11^^ '"^ '^"^ °' ^^P*'"^ 

uaiiyoie. "~y«»nybndomacelb survive and can be nown under limirin» 

dilution conditions to obtain isolated clones. TT» suoematam. oTrrj^ * 
sensfwiH <»* *k , ""5»Vonatan!softhehy(»idooiasai« 
KTwaed for the presence of antibody of the desired snedfidtv e a hv !«™ 
techniques usina the antioen that . JT.^^"^' «°»««««y 



30 



k^.L I J — iwnnununizanon. Positive clones can 

^«^..d.,Un*in.diWo.co»di^ 

teuolttd. V,„„„,conve,donainK*od,ods,foriso)«i=nandp«rifi«j„X^ 
C«n«»*ua«l=,e.hod.forp»i,yin,n™^ 

preapnanon. ion anhange chtomatoiiapby and "™»>«" "Uftle 

35 at in tAr«u^i^ H Yhriitmiiii "i nrihi i^i awmognphy (aee. e.t„ Zola et 

« or i, .<« ft, aaei^ ^ ^ _^ ^ " P"P^ 

G«-^'y-*=M«dualc.UIi.e«.ybepn.p.,;.«ii.W«.f.,=o™^^ 
•^.y cu,». ve^eis. and *. cuin,. n««„ ,„JX, 1 single 
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a - k- w<.rv«rt«l hv decantation. filtration or centrifugation. 



)hginai 



animal, such as ascites urn « used, it is necessary to avoid rejection of 

the xenograft injectea uno ..... „„j^ as a solid subcutaneous 

. u J «<,v he oassaaed first mto irrsdiaied nude mice as a soiio sui*. 

,^ m« which develop «ci«s trnnon secwing large anomo of specn 

T ^™mn«n:i.UyOTileble»d include synlheliccntaremed».nbred 
„, d« « and """"^^ «a«i.l medium 

, andd^U^e A^ex^pianj^^^^^^ 

gliaamine. and 20/o fetal cai sennn. k therapeutically in humans. 

When antibodies produced m non-human subjects are ^ ^ 

• « foreian and an mununc response may oe gwiBioMi 

they are recognized to varying degrees as foreign and an ^^^^ 

^ ^*'^"^r:rorir^rrjcr^--«^--^^^ 

. u-j- - .h* Muivalents of the monoclonal and polyclonal annoooio 

Such anubodies are the equivalent oi therefore more 

above, but may be less immunogenic when admimstered to humans, and there 

25 likely to be tolerated by the patient , « ^ chimeric antibodies) can be 

Chimeric mouschuman monoclonal annbodies (i.e 

K;««,t DNA techniques known in the art For example, a gene enwuu^B 
produced by recombmantDNAtecnmqucs „„^,«™d antibody molecule is 

the constant region of a murine (or other »P«;«>^^^"';^ "^"^ 

encoding * " -.-mnn 
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substinitedwithageneencoamg.au-» .V^p3j«-AppUcaiion 184.187; 

Patem Publication PCT/US8e/02269; Akir. « f "^^^^'l^ p«eni 
Taniguchi. M.. European Patem ^et al. li.S. 

Patent No. 4.816,567. Cabi ly ci au P«» <j4.3439.3443; Liu et aL (1987) 1 Immunol. 
Science 240: 1041-1043): Lm et al. (1987) ^'^'^ f/^"'^ Canc /iey. 

139:3521-3526; Sun et al. (1987) PNAS ^-^'^ „d Shaw et aL (1988) J. Nail Cancer 
42:999-1005: Wood et al. (1985) Nature 2H.446^9. and Shaw et aH 

Inst. 8fl-.l553-1559). -„iacinB oortions of the variable 

Aciimeric^-nbodycanbefunher-I— i "^-^^^^^ 
region no. involved in anugen binding »id, equival^n po«.<m aom ta.n« ven 
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Gcacralrrviewsof 'hunuuuzcd" Chimeric aatibodi« , riQ)... 

Science 222:1202-1207 and by Oi ct al. (19^ BioTecJ^ ,-214 T^mll ^ 
include isolating. «:i.g. an, nucleic Js^c^r^^ ^, 

P^ofani^unogiobulin variable r^cnfion. a: 
5 Sowces of such aucleic acid a« well known to those skilled in th« J^nH r 

^ob^ned^aoanti-CUA^antibodyp^^r^^^ 

MUMCQ ™noo<ues can be altemanvely produced bvCDR or rp A 



tumanizing 



mAb directed ag«Bst.h™a«pTOeincal»M»m^ t 

B™«e™«,„al.(l99l)£,,y/™«,„,jl,j3a.,324.^, iWJ7a>.3724. 

^ ^W"^ an^ specificity, a.- ca. be utiii.. „ p,^ 
PNj^iZT"^ of eomWnaUMal anibody diapUy « e*. Sady el al. {19«9) 

«<«»«n,.teDNA«,«„c.ofU»v.ri.M.,egi™.f.dive«pJ^ ^ 
»^l<.b„a. "»i~'«««'-ai.«.mix.«,eofoligo«pri,«„«,,^F,i^ 

.ma4«ofm»u«,andbodi.saamclt„al.(lW,,fl,„.riW^U,,a.,5J^ 

can dao been used to amplify human lMa.y and liglK cl»in vrtal* re^, ^ 
.lanicit et a,. „ ^^^^ 



WO 96/14MS 
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u^M^^t. RN A is isolated from activated B cells of, for 
AS an iUuswtivc embodimei:t RN A i« .^^ ^dard 

«3mplc, periphenl blood ^« ,.X(I989) 56:3833-3837; Sastry 

et al., PSAS (1989) afi'^^^^"'^'^^ -g, f„ ^ constant region of the heavy 
cDNA is synthcsoed ,3 prixnen for the signal sequence. 
c^Cs) a«i each of thex and X ^ ^^7^^ J^^ ^vy and light chains are 
Using variable region FCR 3ppropriate vectors for ftuther 

a„,pUfied,eachaioneormc^m^-^^^^ OUgonucleoUde primers useful in 
^pulation in generanng the display * incorporate mosine at degenerate 

frame for expression ^on^ierived antibody repetw 

The V-gene Ubrary cloned from the gj,^^^ phage, to 

. < ^««ed by a population of display packages, '^^'^'^.^'^'V^ ^ ^3,^ ^lat allows 

in, for Utor « aL US. I^/"- "^V ^o^l'l Wi«er et al. 

NO. WO ^-'^J'^^'^L^ rub..C3U«.N.. WO 



30 al. (19W) Sdtnce 2ii:1275-12»l. w«™ jae-WJ"; Onm o aL 

; ... ,199., ^^.ci^ito 12:4133^.3^ It P^^" 

0.« di,pUy«l on *. of a ^''^r^^. „ and iaola- 

techniques. 
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do„»i„ of heavy »d U*. ZLZZZZ t' ^ ~ *« ^ ^ 

flexible CCn-Ser,, « beLd "^f ^' 

acove wrt, a parted ^ ^ ^ 

P"a™aceuncalprepa™onf„useb.4ea|,j^„^ "^«Io. 



A Soluble l>nMtns ml Fmtm fntim 

«.luble fonn of a coamml.»„ «.p„„ on the arte, of a T ^1 „ ?^ " ' 

molecule on the su*ce of a cdl wWch J ««. " a a «,amalalo,y 

■5 c.pab.eoftahibid.^ani^^^orh^r'", J""- ™'-"*"»™^»- ' 

■»»P^«"»l«bl.(b™of.CT1^4m.te„ie(top.jr. 

«>««cdo, of B7.1 and 87-2 «W, CD2« and/op CI1A4 ~ " ^ '""*'»' *« 

DNA^p,o»n express. «h^k^^ Nud«e add «n,pH,ing . 

ey»pl.an«cd«n«na)eanb.ix,IaWandclon«iinBaa««iarto™«Zr^ 

^inp^dcore,*,,^^^ Tb. ^.p,::!^:::^^;^: 

*«m b«v,a«d »«. C.U. orjf 4e pn«in i, «^ 
KKdiainwbKbUlecelbarecutared. "« nwn ae 

^The exnauula, dooain (orporto. tb.«,o of a «A»*.«dp«da « be 

35 •wondpTOM or polw.pdde.Aa used h.Kin.d»Jl- 

'^c^of.an.polyp.pUd.ope^^.t::,^^ 

^.'"^■«»»f'^P».in»b..s«laaa.a,^tl^*. 
>«onp,ott,n '^'''t^P-ou^i^^a^:^^,,,,^^^^^^ 
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1 3 WV nd typically i«clud. « !« » «*, hiiige itgwn. CH2 and 

ofrcon^an. region of an in»n»gicb«lin ^ <^ (=•>, Cr>. W 
„f.BM.g 6«ion,»«i.and.CD:.l.«^o.pro«» -d««^ 
,■ PS «al (WDJa^JK^m-™-™- C0MltllcIlonofaCrLA4Igftaoii 
t::^U rdii.trLi....y. P.S. ^aLd^,,. B^. 

^ al. (.993, ^. «. ^co. «. USA ak65«. 0*cr Ig fi»i.n P»»na (.g. 



10 



r Additional Blocking Agents 

I«™«W.,o».ann-b«iy(orii,gm=n.d««0.»l»W^ 

,5 ™ofh.inv«nionfo,u«inU*ibid«gT=...«.ponses. Fo, ««mpUu . pq«*. 

15 taescofeoim .f™.ii™ucnle(sidi as a drug) which inhibits an 

^ mimetic, or o*er fbnn of smaU ^l"^*"^ " ^ „ inUbi. a 
imeaction between a leeeptor and a cosnmuUtoor nolecole can be usca to ^ 

^L-orysipialinaTcdl. Similariy,. peptide, peptide muneac or other fam of s^ll 
rrSr: dr«) •'■>««» adhesion T .dl .0 . «« presenun, a».g«. to 
20 :^?^..tLbits^Lac,ionb«we.n.Tcengn,w,htooran^ 

^^nb.osedas.s.condag^nuic^guncti^wi.hac.stimulauonndiib.^r'age™^^ 

inhibit a T cell response. 

D. imracellular Agems i„«ccllulariy to 

25 in other embodiments of the descnb«i ^^^^i with a particular signal 

interfere with the formation '"^^^^^^^^ a cosdmnlation 

ttansduction pathway can be used to mhtbu a T ceU „ , 

inhibitory agent as described herein can be an ^^^^^^^j^^^ 



30 



CD28. or CTLA4.asso«-«« r - ^^^b^rghe. P. et al. 

to result in p«,tein tyrosine phosphotyladcn a J" ^ Accordingly, 

novi^J Exo A/eil2i-951.960;Lu,Y.etal.(1992)J.Ai»niino/. 142.24-29). Accotuingy 

rsitL:tiSor,s„chasherbUnycinA.c-nbe^^^^ 

npa.^.^^^^ 
cell. Alternatively, a Cm8-assoc«t^s^^«^«^^^^^^^ 



35 



agent which stimuiaies prouau v,.«- — ^ — r ^.jkvIv dbected 

2^ ne. amoom of p,o,»n tymsine phosphorylad.. '""TtZ^^^^^ 
^«.,cd.nlar,y™i.ep.»aph.m.CD^^j;^j^^ 

«,i,i,y in a T ceU .»p.«i..g CD«5 on its ' 
.ssociaaJ with CD2« ligation i«el<«tei>«^P*«I*»^"^'"^ 
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et al. (1 993) Biochem. J. 221:835-842) and increasol intracellular calcium levels (see e:a 
Ledbetter. J.A. et al. (1990) 5W 25:1531-1539). Accordingly, an agent which inhibits 
phosphohpase C activity and/or inhibits increases in intraceUuiar calcium levels can be used 
to mhibii the generation of a costimulatory signal in a T cell. 

E. Compositions 

The agents used in vitro according to the described methods to inhibit a T cell 
response can be fomiulated into pharmaceutical compositions suitable for administration in 
v/vo to a bone marrow transplant tecipiem following transplantation. Accordingly another 
«pect of the invention pertains to phamaceuUcal compositions. A prefei«d composition of 
the mvention comprises a CTLA4Ig fusion protein, in an amount effective to inhibit a T cell 
re^nse, and a phaimaceuticaily accqjtable carrier. 

The agents of the invention are administered to subjects in a biologically compatible 
form smtable for pharmaceutical administration in vivo to inhibit a T cell response By 
biologically compatible form suitable for administration in Mvo" is meant a form of the 
P^tem to be administered in which any toxic effects are outweighed by the therapeutic 
effects of the ligand. The term subjea is intended to include living organisms in which an 
umnune response can be elicited, e.g., mammals. Examples of subjects include humans, 
monkeys, dogs, cats, mice, rats, and transgenic species thereof 

Administration of a therapeutically active amoum of one or mote of the agents 
described herein is defmed as an amount effective, at dosages and for periods of time 
n««say to achieve the desired result. For example, a therapeutically active amount of a 
CTLA4lg fusion protein may vary according to fiuKors such as the di^ 
weight of the individual, and the ability of the fusion protein to elicit a desired response in the 

mdividual. Dosage regimens may be adjusted to provide the optimum thempeuuc response 



30 



35 



For example, several divided doses may be administered daily or the dose may be 
pioportionally reduced as indicated by the exigencies of the d«rapeutic simation. 

The active agem (e.g., antibody and/or fusion protein) may be administered in a 
convemem mam«r such as by injection (subcutaneous, in.ravem,us. etc), oral administration, 

--sdemial application, or rectal administtation. Depending on the lome of 

*"^««"»P°"«''«y be coated in a material to protect the compound 
fiom die action of enzymes, acids and other naniral comiitions which mqr inactivate the 

compound. To administer an agent by other than parenteral administration, it may be 
necessaryt «« the agent witiu or co-administer the agent witiL a material to prevem its 
mactivation. An agent may be administered to an individual in an appropriate carrier or 
dUuent co-adntinisiered witii enzyme inhibitors or in an appropriate carrier such as 
hposomes. Phannaceutically acceptable diluents include saline and aqueous buffer solutions, 
fiiayme mhibnors include pancreatic trypsin inhibimr, diisopropylfloorophosphate (DEP) 
and trasylol. Liposomes include water-in-oil-in-water emulsions as weU as convemional 
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prtpared 



10 



IS 



20 



liposomes (Stiejan fl aL. U ^»*» ' ^ ^e.„A \„ ails Under ordinary 

, V A ««iv*thvlene alycols, and mixtures thereof and in oils, uooer oiumaij' 
glycerol, Uqmd polye^yl^e ^^^^^ ^ ^^^^ ^ 

conditions of storage and use. tnese prepawuw / 

preparauon of stcnle injectame soiuuo i~ . i. must be stable under 

M -nMmuja be nuid to the extent thai easy syringabihty exists. It must oe sow 

stenle and must tx iiuio w u „-cervcd aaainst the contanunating 

'^'^^°''"^,^^ZZ^ P«v««ionof*.«io.of,nicroo«»sms 

can be acmcvea oy vaovu* j,u*i;vi» In manv cases, it will be 

chlorobutanoU phenol, ascorbic acid, thnnerosal and the ^ 
p„fe«ble to include isotonic agents, for ^^^^^^^^^^ 
sorbitol, sodium chloride in the composmon^ P™^"^*^^"^^^^ ^ delays 
compositions can be brought about by mdudmg m the composition an ag 
absorption, for example, aluminum monostearate and i^'^^ ^ 
Sterile injectable solutions can be prepared by mcorporanng 
Stenle mjecui vnth one or a combination of mgiedients 

«,uiredamo«ntofanapp«P2^««^^ 

enumerated above, as required, foUovwd by niia«i ^ ^.^ 

,5 P^ared by incorporating the active com^^ 



dispersion medium and the ^^''^^J ^ ^„ «i^„s. the preferred 
case of sterile powders for the P«^°^^i^ yields a powder of the 
oiethods of prep-aiion are vacuum *^^^^^^^^ent ftom a previously 
active ingredient (e.g.. protein) plus any addinonal desired mgreoi 

30 sterile-filtered solution thereof as described above, the compound 

When the active compound « sunably V^^Z^^ assimilable edible 



may be orally admmistered, tor ejaniprc, w.u. -ny and aU solvents. 

* -^K^n-nharmaceuticallyaccepttble earner" mcludes any aw 

earner. As used hetem pftarmacwu j r i«ou>nic and abaorpoon 

^°"°t-j::xrrrofrrj^^^ 

35 deUj^ng .g«.B. »d the hk. ™ ^ „ oo»«ion.l medl. or ago. « 



compositions. 
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It .s especially advantageous to formulate parenteral compositions in dosage unit form 
for ease of administration and uniformity of dosage. Dosage unit form as used her«n refers 
to physically discrete units suited as unitary dosages for the mammalian subjects to be 
treated; each unit containing a predetermined quantity of active compound calculated to 
^ce the desired therapeutic eflfect in association ^ the required phannaceutical carrier 
Tlc^fication for the dosage unit fimns of the invention are dictated by and directly 
dependent on (a) the uirique characteristics of the active compound and the particular 
the^^xutic effect to be achieved, and (b) the limitations inherent in the art of compounding 
such an active compound for the treatment of sensitivity in individuals 



IL 



Uses of thf. fnyi 

TTie methods Of die invention can be used to inhibit T ceU responses « vii^o by 
contactmg a T cell with a costimulation inhibitory agent as described herein. Accordingly 
the t«m "contacting" as used herein is intended to include incubating (or culturing)aT^il 
wid. the agent TTie methods of the invention are useful in dierapeutic situations where it is 
dcsuable to inhibit an unw«,ted T cell response, as described in further detail in the 
subsections to foUow. Addidonally. in one embodiment, the methods of the invention induce 

anngemc nomesponsiveness in a T cell that persists afte cessation of treamumt (i 
antigemc nonresponsiveness persists in vivo after contacting T cells in vitro widi a 

cosnmulation inhibitory agent). Thus, the methods of d« invention are useful for inducing T 
cell anero.. thereby providing a means for long-tem. inhibition of T cell responses without 
fte need for chronic generalized immunosuppression of a subject with its attendant 
deletenous side effects. 

The methods of the invention are particularly useful for inhibiting graft versus host 
d^ase which results from allogeneic bone marrow transplantation. It has previously been 
otoenred that the presence of manire donor T celb within a bone mar^^ 
both for successfWeagraftment and for a graft versus leukemia response. However the 
pitsenceofmaturedoiwrT cells in die graft induce, GVHD. Responses of aUoreartve 
donor T cells can be inhibited by contacting the T cell, « Wm, witii a costimulation 
inhftatory agent (e.g.. a costimulation blocking agent, such as a combination of an anti-BT-I 
and an aati.B7.2 amibody, or CILA4Ig). Such tre«ment allow, maa« T cells to be present 
withm tnnsplamed donor cells, dius avoiding GVHD and promoting bone marrow 
engraftment. Moreover. T cell unresponsiveness to aUoantigens is induced, thereby 
providing long-term inhibition of T ceU responses wid«ut the need for cominuous treatment 
or the bone marrow recipient 

Because the T cell, t be inhibited in a bone manow transplant siniati n are donor T 
^Is wttch are available in vitro pri r to transplantation, alloreactive donor T ceU responses 
«n be be mhibned in vitro, or inhibited /„ vitro foUowed by an « vh« tieamiemregiment 
Accordingly, graft versus host disease in a bone manow tnaspiant recipient is inhibited by 
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15 



20 



23 



r . ncr T cells in vitro (prior to «nsplantation) with I) a second 
contacdttg a pcpulanon of donor T ^^^ZZs (such as recipient cells or cells from 
po^a^onofcellsexpr^ng^^^^^^^^ 
anotherscurcewhtchsh^P^ J^^^.^^ 

.^gens) and 2) an agent which * . , cTLA4Ig fusion piotem. In 

^entthcagentwhicho^btua^s^^^^ I„ 

^ etnbcdimenu the agent « an a^B7 lor ^ ^ ^ .^^^ ^ ^ 

. „uch pr^erred -^^^^^^rt^ent is a single antibody which binds 

3„ti-B7.2 antibody. In yet -^^^^ ^^'^^^^^^^ express recipient alloanugens, 

both B7-1 and 87-2. The second ^^"^^^^^^^^ ^ „ot metabolicaily active, e.g.. 

« typically treated st-:h that they cannot ^^^^^^ 
are iypiw« / ^ .y^, ^x^A with oarafonnaldcnyoe. 

™„„ dc™, T cells can b. done P-^^^^^^ «ood T «1U or 
be Mmm cdl. (U., «»« '»^" , ' of dono, cclU «iO, «1U 

«ipi». '''--»^«'" r^^cX no. include bone »».o» cel.. 

*e «ipi«« (if*, donor dU «d n. the "-^""J^ ,f 4,^ T cell. 
.... If p^iphenl blood ceU, 0, ,lc»«y- «^-^ ^ ^ 
to T-cell dqrt««i bone narow cdU « ^ ,d„inistn««. of dono, cells 

,„ „o*er a.bodta«nc •^'^^'^'^^^^ - ' 

„ *e ^cipien. *. «ipi». i. <^ ^ pia« ^0.^"^ 

^ulaion inhWlonr ^ ."ZTrewteporin. A) or only *e 
™^ ,«h as an iiinnunosupf.ss.ve .gem(e.».. cyc«»P» 

■'-""^■"•^Z^ espies which sh«W no. be 

construed a lmi.nn». T*" "^,,.,. . „tad„ mco<po.«edby.« 



30 




the pioliferati nof the icsponder 



demonsuated that the additioo of CTl 
KKrvte reaction (MLR) has been showi 

-lie «H to abfoaaie the pioducn< 
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'J ' "'^ With . X ,05 MHC dispo^tc 

PBLs « the absence or presence of C7LA4Ig or an isotype nutcfaed control la orotriTT k 
present at 10 jxg/ml. An additional MLR was set an contT • T 
rrr A , r was set up contaiiung ceils on^y and laciuntt anv 

^ i^HHhy"*. » mfJ«, ol^ 

the addition of CTT A J 7 P'o'»ftnu,ve response on around day six. In contrast 

the add uon of CTLA4Ig abrogates mos, of the proliferadve response to dte stimulator c^ ' 

and prohferation never rises above a basal level B«a .k V . emulator cells 

cultures produced W an,o... J.rT ^ ^8 ^ 



the T cell prohferanon. The CTLA4Iff treateW r»)„^ «q«area t i 

(<20 pg/mi). ^ ^ '"^"^ «y <i««table IL-2 
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In another experiment shown in Figure 2, primary MLR betM«» HI a^,^ . 
individuals aie inhibited only some 30% by the iddZ!.f HLA^sparate 
Bth«. R7 I • o, ^ °^ * monoclonal antibody that block 

hc»«.. c»«,.„i„^^ Tl»co„bu«io»of^r^7., Jr^C^'- 



25 (B) 



30 



35 



mono™ Cor by an«(i«io«befo« addition. All of d«« ™rtn«8 „rt»Z, 
"-^.rp^^of.,^......^.,^^^^^ 

PH^d.ymidin. o-enigh, b.««„ day, 2 «i 3 ^.^^^ 

*l™.*n.«^b«,«.„d.,.4«^5ofc«,„,^ Tl.amo»,f,.diS„ 
^.P«.«din»*. dividing «^TcdUd«=,^ ^ 

l««X.fen«,o„ ma™^. The««fc.ofU«.„p™»Ba,e*o«,ind«Fip«3Aand3B 
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where the line labeled PBLs represents the dm obtained with the aUogeneic stimulators and 
the line labeled t^T-I or t/B7-2 represent the two iransfected cell lines as costimuiators. 
This data represents the mean data from six experiments. 

Figure 3 A shows the inhibition of donor marow proliferation by amounts of 

5 CaA41g below l^ig/ml. Treatment with 0.01 ^gtol of CTLA4Ig had no effect on the 
proUferative response of the donor bone manow. Treatment at doses from 0. 1 to 1 .0 jig/ml 
greatly reduced the proUferativc response to the two tiansf«aed ceU line^ 
proliferative response to the allogeneic PBLs to background levels. Figure 3B shows 
inhibition of T cell proliferative responses at CTLA4Ig treamient levels from 1 to 10 ^g/ml. 

10 The proliferative response to the human B7-1 transfected cells is completely inhibited by 
CTLA41g levels of between 2 and 5 ^g/ml. The proliferative response to the B7-2 
tomsfected cells and to die allogeneic PBLs is completely inhibited at CTLA4Ig levels of 2 ^ 
g/ml and I ng/ml. respectively. Since the proliferation driven by die allogeneic PBL was 
almost completely inhibited by I ^g/ml of CTLA41g and >ws completely inhibited by 2 p 

15 g/ml CTLA4Ig. a dosage of 10 ^g/ml of CTLA4Ig was selected for use in all subsequent 
experiments. 
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mlitlirn inTTffirr"r 

jfj^\ ff^tion Bpp" hit int third nirlY 



To deterinine Whether agents which block proliferation in a primary MLR mhibrt 

proliferation upon rechaUenge in a secondary MLR, d« foUowing experiment was p^formed. 

Normal peripheral blood cells mononuclear cells were culnired with inadutted 
(2500cGy) normal donor periphend blood monom«lear cells of fiilly HLA mi^ittched 
subjea in die presence of an anti-MHC class 11 antibody, an ami-lCAM-1 aanbody. 
cyclosporin A (CsA), CTLA41g. an ami-BT-l amibody. an anri.B7.2 antibody, or a 
combination of an anti.B7.1 and an ami-B7.2 antibody at a final coocentranon of 10 
cells/ml. TTie antibodies and CTLA4Ig were added at a concentration of 10 jig/mL 

Cyclosporin A was used at 10-3 M. THe ceU, were incubated for 6 days, foUowmg wbich 
viable cells were isolated and rechaUenged widt iir«iiaied allogeneic cells from d« ^ 
donor or from a durd party donor. No blocking agents were added to dus secondary MLR. 
Proliferation was examined daUy for 7 days by pHl-diymidineincorpor-ion^. 

The peak proUferation for each condition are represented in Figure 4. Theresults 
indicate diat when only media had been added to die primary MLR. a typical secondary 

response ensued characterized by significandy greater and e«lier peak proliferation agamst 
donor compared widi durd party aUoamigen (peak at day 3 versus day 6. respectivdy ). 
Additi n of CsA to die primary MLR prevemed die secondary response and resulted m 
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decTMScd levels of peak proliferation against both donor and third party on day 5. Addition 



absence of a secondary response following blockade of antigen recognition or adhesion 



femily mediated costimuiaiion during the primary MLR with either CTLA4.Ig or the 
combination of anti 87-1 and anti-B7-2 resulted in markedly decreased proliferation to donor 
but bad no effect against third party. Therefore, complete blockade of B7 family mediated 
cosiimulation but with intact alloantigen recognition and adhesion is necessary to induce 
alloantigen specific anergy. 



This example analyses the time of inhibition of costimuiaiion required to obtain 
maximal hyporesponsiveness for different agents blocking cosiimulation. 

In this example^ the same assay as that used in Example 2 was used. Cells were 
cultured in a primary MLR with the addition of anti-B7-L anti-B7-2, a combination of ami- 
37- 1 and anti-B7-2, or CTLA4Ig. After various times, viable cells were isolated, re- 
challenged with irradiated cells from the original donor with no blocking agent added and 
proliferation assessed daily for 7 days. Peak proliferation obtained on any day in the 
secondary MLR was assessed by PH]-thymidine incorporation. 

The results are presented in Figure 5, The results indicate that addition of anii-B7-l 
mAb in the primary MLR resulted in only modest inhibition of proliferation on rechallenge 
whereas the addition of anti-B7-2 mAb was significantly more cflicieni. The maximal effect 
of anti-B7-2 mAb occurred by 36 hour in primary culture whereas with anti-B7-] mAb this 
was not observed until day 6. Maximal hyporesponsiveness required blockade of both B7-1 
and B7-2 by the addition of either anti-B7- 1 and anti-B7-2 mAbs or CTLA4-Ig and was 
achieved within 36 hours. Addition of isotype matched control mAb or controMg fusion 
protein had no effect 

Thus« maximal hyporesponsiveness was obtained by incubating the cells for 36 hours 
with anti-B7. 1 and anti-B7-2 antibodies. 

EXAMPT.E 4t Reduction Tn Thg Fr^ti>«gv Of AllnrMrtivg Precnr Mr H#lp#r T 



This exp eri ment assays \A^iether CTLA4Ig or ami-B7-l and/or anti-B7*2 antibodies 
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->„;«««^<5 to the stimulator cells without 

fdli«l sibling BNfT . m of Iten-cav. donor 

pKa»sassoc« Schwarer,AJ>.cial.(1993)Lanc«H1.203). 

^„«i ,«po«d« CIS " j^^^^ ^.B,., ^ „U.B7.2 «Ab. «»i-B7. 

(25Gy) «»1 i««.n»«io« tor *e last 16 hou« 

or ft. assay, pun. M"a»«s «^ ^ l^,,,^ 

The results are presented m Figure 6. AS reponw r g 

, 10.7^«lturewithn«diad«ri^pH.ary^^^^ 

a„a.B7-l and anU-BT-Z or ^^'77'*jT^^ addition of atfi-BT-l mAb or 
pHTLi^quencyagainstd^ronj^l^g^ The frequencies 

control Ig had no effect whereas ant.-B7-2 had v^m ^ 
25 achieved with complete B7 blockade were consistently <l x 10 mat 

associated with ^"^Z ^ ^.^^.^ ,^bodies or CTLA4Ig in MLRs from 

Smce the presence of anu-B?-! and anti ^ aggiasi donor on 

u J remits in reduction of the pHlLnequencyagBw* 

combinanons of donor bone manowano .^h^ w 48 hours in d« presence of 



follows. Donor marrow and smnulator cens monoclonal antibody, or 

• u m A^io isotvtje matched connol Ig proton. ann-lCAM monw. 
either CTLA4Ig. isotype mo-. ;« the Fiaure 7 and 8. 

I» cyclospoti« A, or CaA4l» i ^ ^ ™« piwa ate «an«« 



marrow/stimulator cell nuxture with C i LA'tig. -h 
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BFU-E 

BFU-Ert 00.000 boM marrew cells 



DIrsct assay 



TABLE 1 



# 

T 

2 
3 
4 
S 
6 



Pn 
tre«tm>m 

232 
2i3 
570 
456 
416 
593 



Madi 



ND 
302 
578.7 
389.3 
495.3 
597.3 



SD 
fD 
37.3 
63.3 
18.8 
59.9 
36.6 



Contoot 



425.3 
340.7 
510.7 
376.7 
512.7 
408 



SD 
109.3 

38.4 
45.8 
30.8 

30.3 



453.3 
291.3 
608.7 
429.3 
515.3 

6^o 



SD 
148.9 
29.3 

20.8 
60.1 
23.1 
44.3 



LTClC assay 



Patient 
f 



Pn 
treatment 



1 
2 
3 




CFU.GA^/100.000 bone marrow calls 




[ L7CIC 

Pauant 

i . 

7 

2 
3 



Pia 

Jraatmen t 
12 
S8 

1 14 



Mean 

11.2 
110.7 
156 



4.8 
6 

22.7 



Control 

114.3 
66 
128 



JD 
2 
11 
9.3 



CTLA4lj 
Mean sD 

14.2 r 

81.3 a.3 
J3P.7 10.2 
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u ■ ;« tK. frMucncY of the pHU in the donor marrow 

by ^^^^ l,^..on is directiy associated with the 

.eveicpn^cntofOV^afte^^^^^ Donor f^-es we« calculated ..g a 

ft«p«ncy of the P0»«^^°» «Us v«e incubated with 

Uniting dUution assay (LDA)m which du fi^ these cultures were 



10 



linatmg auuu"" ' ^ — - tkc auueniatanis fiom these cuioiro w*^* 

« boun m ^ P««« of '» « 'r":^*^ ..iJLl llofo^ic smaul-or cdl 



15 when tested against 
ficqucncy expected 



20 



narrow anergized by treatment - ,xanately 10-'). "H^c 
reduction m pHTL frequency IS app j^g^ by measunng the pHTL 
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30 



ajana third («t!, cdU « c««««bl. »m 
i„ .h. p«»=. of CTLA4I. ^ '^^TT^Z^^ 

edl «fl»ao. nu.kc«l. IC AM «. *. Pira. 



3S 



no effect on tte lOT. ft»!»«n=y ""-^ to imwa^ 

TlK pHTL ftequoKyto both cdl tjrpes eatable to .» 

A.sho».mRg«S..h.3*l.a "Off '»^"T^j^u„«i„=U«b^ 
pcHoa b- « 0. the PHIL »^ ^"t^J^ ^ 
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due to the effect of the Ig sequences, nor was it due to a aenerai im«,„« 
obtained with cyclosporine A. ^° « 'nanuosuppression as can be 

In another example, the efficiency of anti-B7. 1 anti.B? 7 u- • 

dono, -band,™ on ^^^Z ^"^ 

hglUydtove and con5«t«Klyg«,.r to blockade wid,CTU4.h nJ!^" 
levels below that associated with development of GVHn uA«. • ^ '° 
B7..a.dand.B7.:a«d^.. °''"»^C^t^^r^;rir "l"'- 

In conclusion, treatment of donor marow. stimulator cdl cultures uWrf.,.« k- 
of anti.B7.1 and and H7 •) «Hk^- • . "«"«Borceii cultures wjth a combmation 
ouu o / I ana anti-B7-2 annbodies or with CTLA4Iff was <hA«« »« u- ^ 

twucaon in pHTL sufficient to reduce or elimmat- rvun r c 
•mi-B7-l and and-B? 3 -«o>»i ^^^^ f "nbemore. do eombiD«io<i of 

reopiemolbaiidmdecmBiogpHTLft.qaoKie,. 

"'■*^frW«'H»Ffr„.n.r^.^.^„„,„ ■ ^^^^^ 

•aaw «»i ta, len. colony Wtirt,^ cdl (LTCIQ 

b.f« ««««. after toWoo in ««li. Ion. „ ^^^^7^ » *«o. n»mr, 
v<a«c CI nn„^ d.^ ^ , ^ ^^.^01^ 
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a^cdium which contained growth fectors appropriate for human cells. TTiese asays we« set 
up.tripacateforcachpatient.s««rrowsa.p.A^^^ 



erythrocyuc(i}ru-c;aiiuu.7««. — -^y— v tu j«««^t^n. 

pfenning assay. ««pctfi»«-«i»«'ltauti««<lUuu<» analysis " 

^ sa^l. wa. -«i dUud^is 40.000 B 625 cdls w« added » ™a«^ 

, «iA 3000 inaSaled sm)iiBd cdli Ate 5 »«da in crture. die cdU 

welbpievKMsly seeded Willi 30Wiina(uaiBiaran~>» ._,.„h 
S^y uypsuited „ ^«s. cells and then mahylceUulos. m«l.un. 
wJX^eachwdl. Th..pp.,nnc.«.d»a.b.rofBTU.Ea.dCFU-OM 
Glomes was m.as«d ate an «Uido.al 10 days of >nc«6«io„. Tl^c «uiB are shown m 

Table I for six ofthepaHenl samples. ^ ,ncilE.,H 

The direct colony fbmnn, ass., shows dial there are sumlar nnmbers of BFU-E and 
CFU^M pnKmsors in aU six panoi. samples «sKd reg»dlesa of whed» die as«ys w«. 
perfumed «. do»» n«-n«. before »an»en< or ate cnlnnins donor wu^ 
tutors for « hc^rs in d« presoice of medium alone or in m»ii>m, ™g ocnBol Ig 
orCTLA4lB. Similar results are seen in die ihree padent samples tested by U» LTCIC 
led^dolo^. Thism«Wisamo,ese.siUvem.as«reme«ofdam.g.»stemcelUd^ 
Ldirect^lony forming as,.,. AU Une. p«i«« samples tested h«e smuta mmib«. of 
BFU-E and CFU-GM colon, fonning units ate treameot as did dK fi«h do«,r marrow 

""'"me expermental dan presented in Table I shows diat die culmring pr«oeol 

developed for die anergiaion of donor bone marrow to sensiding 1">«'"8"^*« 
,r=mnen.wid,CnXA4Ighadnode.rimencdeff«»ondKdo™.rbonemaBow^ IVtonor 

bonemnm,wh«ldies««»m*.rof«lbbefo,eand.«ertream»,. 
marrow reiamed a «dl complonen. of Bneage spedftc blood cell p^cursors as jtaK^ 
in bodi direct colony fonning assay, and m the more ,-sidve ^^^C »^ H^;^ 
donor bone m-row exhibited a dr«n«i. «.d specific decrease m *« ->»-'T' 1^ 

allo-idgen, while it retained a (bll ahUiry m r.,^ » ^^^^^ 
lo« of tespomiven... of the donor bone m«ro« u, d« sensumng eem ate »^ 
io»oii»t~iu< The loss of donor 



CTLA«g «., - ^ ^ „,„pto«ion of «mi«y «««« 

m.«w respoj^venes... *e^~« ^, 

marrow into the appropriate reapieni will be saie ror ibc i«u»f 

in a reduction or elimination of acute GVHD in die transplant recipient 
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Those skflfcd in the art wiU recognize, or be able to ascertain ^ 
routine experimeotation. many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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n ATMS 

1 A method for inhibiting a lesponsc by a T cell to an antigen, comprising 
conl«mng the T ceU with and agent which iidubits a cos^^ 

5 Aaeby inhibiting the response by the T cell to the antigen. 

2 The method of claim 1 , wherein the agent inhibits an interaction between a 
«:eptor on the T ceU and a costimuiatoty molecule on a cell presenting 

method of claim 2, wherein the receptor on the T ceU is CD28. 



cell. 



10 



3. The 



4. The 



5. The 



IS 



jjje^ of claim 2, wherein the receptor on the T cdl is CrLA4. 
roethodofclaim 2, wherdn the costimulatoiy molecule is B7.1 orB7-2. 



hod of claim 2, wherein the agent is a soluble form of CTLA4. 



20 



6. The met 

7. The method of claim 6, wherein the soluble form of CILA4 is ahumaa 
CTLA4-iinmunoglobuIin fusion protciiL 

idbody.or 



g. Thcmcthodofclaim2,whcrtinthcagcmi5ana^^^ a 
fragment thertof. 

9. " The method of claim 2, wherein the agent is an ami.B7.2 antibody, or 
2S fingmenl thereof. 

anti-B7-2 antibody, or fragments thertof. 
gennaion of a cosdmoUray si(Wl i» *« T aU. 

a)asecondpopulaiionofcellswhichexprtssrecipiemaUoantigcns;and 
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b) an agent which inhibits a costimulaioiy signal in the donor T cells 
the agent thereby inhibiting a response by the donor T cells to the cells which _ 
recipient alloantigens such that, upon administration of the first population of cirfli to the 
bone numow tnmsplam «qaent. graft venns host disease 



13. The method of claim 12. whetdn die first population of cells is selected from 
a group consistmg of bone manow cells, peripheral Mood cells and splcnocytes. 

14. The method of claim 12, wherein the agem is a soluble form of CTLA4. 

15. The mediodofclaim 14. wherein die soluble fonnofCTLA4 is a human 
CTLA4-uiimuiioglobulin fiision protein. 



16. 



The method of claim 12, wherein the agent is an anti^M antibody or 
fragment thereof 



17. The method of claim 12. wherein die agent is an anti.B7-2 antibody, or 
fiagmem thereo£ 



18. The method of claim 12, wherein die agent is an anti-BT-l antibody and an 
anti-B7.2 antibody, or fiagmems thereof. 

19. Tlie method of claim 12. fimher comprising administering die first population 
of cells to the recipient i^f » 

20. T^ meUMid of claim 19, ftirdier comprising administering die agem 

recipient 
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FIG. I 
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FIG. 2 
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FIG. 3A 
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FIG. 4 
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[3H1 Thymidine Incorporation 



SUBSTITUTE SHEET (RULE 26) 



wo 96/14865 



PCT/US95/UT74 



6/10 

FIG. 5 




(3h1 Thymidine Incorporation 
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FIG. 6 
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FIG.7 
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FIG. 8 
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Post Incubation 
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